Mine water or rock drainage is a source of pollution for Romanian as well as for mining sites all around the world. Rock drainage is generated as a result of the weathering of the sulphidic minerals from which metal ions are leached. The metal ions are the main polluting species existing in the mine water, but may also be seen as a resource that is wasted. However, the recovery is seldom applied, as it is not feasible due to complex chemical matrix. Some types of mine water are more appropriate for the resource recovery, the best known case being copper reach streams. Here we show some attractive results suggesting that the recovery of aluminium, but also of manganese would be feasible practices for particular mine water categories and for distinct utilizations: mine water treatment and high purity resource for metallurgy, respectively.
Introduction
Mine water from abandoned mines has a harmful impact on the ecological status of receiving water bodies. The metal ions in the mine water are the main deleterious species, but may represent a recoverable resource. Beside the availability of (still) cheap ore resources, mine waters vary considerably in the range and concentration of heavy metals they contain and these issues can lead to the failure of the recovery of potentially valuable metals. Studies are focussed mainly on the recovery of Fe, Cu. Zn and Ni, generally using the techniques of selective precipitation, precipitation and dissolution, solvent extraction, electrowinning and ion exchange. Iron is the most abundant metal in mine drainage and various recovery options were tested, such as the direct use of the ochre deposits as brick component [1] , as pigment [2] or as reactive substrate for trace elements and nutrient removal [3] , [4] , or the conversion of ochre and mine water treatment sludges by acid dissolution for use as coagulants [5] . The options for copper recovery include direct electrowinning, using copper reduction on iron metal and copper precipitation using biogenic produced hydrogen sulphide such as in the Paques or BioteQ systems [6] (technique that works well for Zn 2+ also).
Aluminium may be present in mine water in concentration from near zero to more than 4 g/L [8] , but researchers rarely show interest for the recovery of this element, because of the high cost needed to use the impure recovered product for metallurgy. However, alternatives for aluminium valorisation were observed. For example, a poly-alumino-iron sulphate coagulant useful for the removal of suspended solids and colour can be produced by precipitation of Fe 3+ and Al 3+ followed by dissolution in sulphuric acid [9] . On another hand, the aluminium recovery and reuse for advanced treatment of mine water via sulphate removal as ettringite is possible and it was studied and presented in a previous paper [10] . The recovered aluminium in hydroxilated form can be used without intricate purifying steps, for the further processing of the source mine water, or transferred to other mine water site, mainly when the aluminium quantity is exceeding the water source requirements treatment requirements. This case will occur conditioned by the specific discharge limits and the amount of aluminium in the mine water. Such a case is presented here, for a highly polluted AMD.
Due to the relative low cost of manganese ore and due to the frequent association in the mine water with metal species which precipitate to a high pH, which complicates the selective separation process, manganese recovery from mine water is generally not referred as an interesting issue. In this paper we show a case study showing that the recovery of manganese may be feasible from certain mine water sources.
Experimental

Aluminium Recovery
Mine water from a certain source from Romania, named "PR", having a very high content of heavy metals, aluminium and sulphate ( Table 3 ) was treated in the first step with magnesium hydroxide with mechanical stirring to pH = 5.2 for 20 minutes and the precipitate was separated by centrifugation (1650 x g, 5 minutes). The precipitate (Sludge I), was tested in the next step as an aluminium source for sulphate ion precipitation as calcium sulphoaluminate (ettringite). A mine water effluent produced by conventional treatment by liming, having c(SO4 2-) = 2036 mg/L, c(Ca 2+ ) = 802 mg/L and TDS = 2976 mg/L was contacted with Sludge I (aluminium dose 400 mg Al/ g SO4 2-), for 50 minutes. Calcium hydroxide was added to establish and maintain the pH to the value of 11.6±1. The effluent was analyzed after settling and filtration for sulphate, calcium, magnesium and TDS. 
Manganese recovery
Mine water from Iacobeni mining perimeter (Romania), having elevated manganese content and low concentrations of iron and other heavy metals (Table 4) , was identified as a promising source for manganese recovery. The mine water quality was monitored for medium term interval, 2008-2015 (Table 5, Figure 12 ). Manganese was recovered using a two step process operated in batch mode. In the first step, iron was separated by oxidation and precipitation using air sparging and mechanical stirring, without addition of alkaline reagent, followed by solids separation by settling. The supernatant was treated with sodium hydroxide in order to adjust and keep the pH value of 9.5 and 10.5 for up to 60 minutes reaction time (τ), with air sparging and stirring for manganese precipitation.
Water analyses for metal species were performed by AAS and ICP-MS and the filtered sludge samples was analyzed by XRF after drying and calcination. 
Results and Discussion
Aluminium recovery
Aluminium concentration for the "RP" discharge was between 3.7 g/L and 4.0 g/L during observation time interval (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
For the aluminium recovery test, the filtrated precipitate (Sludge I), with 25.7% d.w., had an aluminium content of 164 g/kg d.w., but also iron, 134 g/kg d.w. In the first step aluminium precipitate as aluminium hydroxide and aluminium hydroxisulphates and the residual dissolved aluminium concentration was found to be 2.5 mg/L. After the second step, for a Sludge I dosage equivalent to 400 mg Al/ g SO4 2-, the treated water had a sulphate concentration of 342 mg/L due to ettringite precipitation. In this case, the aluminium utilization is 480 mg for 1 g of sulphate removed, but lower values can be expected for lower conversion values [10] , corresponding for effluent sulphate concentration closer to the discharge limit of 600 mg/L. Considering the material balance, the quantity of Sludge I, resulted after semi-selective precipitation of aluminium from 1 litre of "PR" mine water, is enough to remove sulphate from a volume of pre-treated mine water of 2.2 L. It is known that, by conventional liming or by conventional liming plus gypsum crystallization processes, the sulphate ion concentration can be lowered down to 1500-2000 mg/L [10] . The aluminium quantity exceeds in this case the requirements for the treatment of the source mine water and can be transferred to other sites. The alternative to magnesium hydroxide for the first reaction stage is calcium hydroxide [13] . Magnesium (6.7 g/L after first step, in this case) precipitate during the second reaction step, due to high pH, but an equivalent quantity of calcium hydroxide is required. On another hand, for a mine water with high initial acidity and high Al and Fe sulphate content, the use of calcium hydroxide will produce gypsum, so the Sludge I will have elevated sulphate content, which will be detrimental for the dissolved sulphate removal efficiency in the ettringite precipitation step. It is obviously that refinements of the method are possible, e.g. by first precipitating the Fe(III) with calcium hydroxide at pH ≤ 3.5, followed by aluminium precipitation at pH = 5.0-5.3.
Manganese Recovery
As well as for other metal recovery (principally copper and zinc), the ideal feed for manganese recovery is from drainage with low iron content, but not necessary acid. Reasonably consistent feed flows and quasi-constant composition are also required to make the recovery of this metal economically attractive. In the case of the Iacobeni mine water, the manganese to iron ratio is atypically high (about 18:1 mg/mg, dissolved) is quasi-constant for a medium term observation interval of 8 years. Iron easily precipitate by oxidation at pH values higher than 6.0 during air sparging step. The alkalinity of the mine water is sufficient to hydrolyze the Fe 3+ ion to ferric hydroxide without a pH drop. Actually, by air sparging in the first step, the pH is increasing to above 7.5, probably due to carbon dioxide stripping.
Manganese can precipitate from mine water as Mn(OH)2, MnCO3 or, with oxidation [11] , as MnOOH, Mn3O4 and MnO2 (equations 1-3):
In order to obtain a low level of manganese, a high pH is needed for hydroxide precipitation, but also for higher oxidation rate with molecular oxygen. Generally a pH value of 9.5 to 10.5 is needed for the mine water treatment when low level of manganese in the effluent is desired [12] , [13] . For Iacobeni mine water, after first treatment step -deferization by air sparging, the residual soluble manganese concentration remain high, 124 mg/L, close to the initial value. After manganese oxidation step at pH = 9.5 or 10.5, manganese precipitation is fair complete. However, the final Mn concentration for filtered samples for pH = 9.5 is c(Mn) = 1. Beside the high Mn concentration, high ratio Mn:Fe, the low concentration of other heavy metal ions can make the recovery of the manganese simple for this particular mine water discharge. Important, the low concentration of Mg 2+ and SO4 2-allow to obtain a precipitation product to pH = 9.5-10.5 with a low content of magnesium hydroxide, but also gypsum for the case of choosing calcium hydroxide as the alkaline reagent required for pH adjustment for Mn 2+ oxidation and precipitation. However, technical lime will always contain some impurities, so the sodium hydroxide was preferred for this exploratory study.
The maximum manganese content in the precipitate sludge was 507 g/kg d.w., which corresponds to a theoretical MnO2 content of 839 g/kg d.w. The sludge heavy metals content is low, Fe -0.7 g/ kg d.w., Ni -1.3 g/kg d.w., Zn -0.59 g/kg d.w., Pb -0.05 g/kg d.w. and below LOD for Cd, Cr, Hg and As, Sb, Se. Silicon is less than 11 g/kg/d.w (SiO2 < 2.5%). For the commercial product MnO2 -industrial grade, specifications are MnO2 ≥ 70%, Fe -max 6%, SiO2 = 4-18% (with a price of around 500-800 USD/ t).
Conclusions
Mine water problem it is likely to persist for a very long time and needs the implementation of techniques for sustainable treatment together and the recovery of resources. Two approaches were presented here, with applicability for aluminium rich or manganese rich mine water, respectively. Aluminium recovery for mine water treatment may be a promising option for sulphate removal as ettringite to levels below 1500 mg/L. Mine water generated on one site can be used as reactive aluminium source for the treatment of other mine discharges. Manganese recovery can be also attractive, or at least can decrease the treatment cost for certain mine water sources.
